Asymptomatic Salmonella carriers who work as food handlers pose food safety and public health risks, particularly during food preparation, and this has serious implications for the disease burden in society. Therefore, we conducted a study to determine the number of Salmonella carriers in a migrant cohort in several food establishments in three major cities in Peninsular Malaysia. Sociodemographic data and stool samples were collected and analyzed using standard methods of detection and isolation. Antimicrobial susceptibility tests of the positive samples were also performed. A total of 317 migrant food handlers, originating from South and Southeast Asian countries, were recruited voluntarily. Nine (2.8%) stool samples were confirmed to be Salmonella positive. PCR serotyping and pulsed-field gel electrophoresis identified four serotypes as Typhimurium (n ¼ 3), Corvallis (n ¼ 2), Hadar (n ¼ 1), Agona (n ¼ 1) and two unknown serovars. Antimicrobial susceptibility tests revealed that all nine isolates were susceptible to amoxicillin-clavulanic acid, cefotaxime, ceftazidime, ceftriaxone, and gentamycin. However, seven isolates were found to be multidrug resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, sulfonamides, streptomycin, and tetracycline. This study highlights that carriers of nontyphoidal Salmonella exist among migrant food handlers, which poses a health risk to consumers through food contamination. Our results indicate a need for authorities to enhance food safety awareness in the migrant workers and to reevaluate current health screening methods to include preventive measure such as mandatory stool screening as part of the preemployment and routine health examinations.
Salmonellosis is recognized as one of the major foodborne diseases in both developed and developing countries. Globally, 16 million cases of typhoid fever, 1.3 billion cases of gastroenteritis, and 3 million deaths are reported annually associated with salmonellosis (3). Approximately 40,000 infection episodes associated with nontyphoidal Salmonella (NTS) are reported annually in the United States (6) . In developed countries, the greater proportion of foodborne salmonellosis is often related to contamination in commercially prepared food or food ingredients (4, 5) .
In Malaysia, the incidence of food-and waterborne diseases (e.g., typhoid, cholera, dysentery, hepatitis A, and food poisoning) is approximately 60.28 cases per 100,000 individuals, with typhoid fever being the most prevalent and the majority of the other cases classified as food poisoning (32) . According to the Ministry of Health Malaysia 2007 (28) , foodborne disease outbreaks were mainly due to unhygienic food handling, resulting in more than 50% of the food poisoning cases classified as the NTS serovars Typhimurium, Enteritidis, and Corvallis (33, 37) . Although disease incidences can be overcome through the use of cooking temperatures of at least 708C (39) , food may still become contaminated through contact with infected hands (12) . Human infections commonly occur through the ingestion of contaminated raw meat, milk, eggs, fruits, vegetables, and unhygienic food preparations (15, 36) . Food handlers who have unhygienic practices, including the lack of hand washing after contact with raw food or visiting the lavatory, risk becoming carriers of this pathogen. Moreover, asymptomatic carriers, particularly those involved in food processing plants and food service establishments, pose a high risk of causing food contamination. Food handlers play a major role in the transmission of pathogens compared with other professions because foodborne pathogens can be transmitted via not only the fecal-oral route but also contact with raw meat and prolonged periods of convalescent excretion (e.g., an asymptomatic carrier state) (24) .
Presently, there is limited information on foodborne salmonellosis and the carrier status of food handlers, particularly migrant workers in Malaysia. We chose this group because the high demand for workers in the local food establishments and the ample supply of migrant workers, along with most local employers favoring hiring cheap migrant workers, have resulted in the increase in the employment of migrant workers in the service industry from 6.6% in 2000 to 11.9% in 2013 (26) . This cohort was also chosen based on the results of a cross-sectional study (40) of the food safety knowledge and hygiene practices of foreign food handlers in local food premises; this subsequently led to this study to determine the incidence of Salmonella carriers among migrant food handlers and to characterize Salmonella isolates through serotyping, pulsedfield gel electrophoresis (PFGE), and antimicrobial susceptibility screening. 0 E). With assistance from the local health department, a brief introduction and description of the study were given to the participants, particularly those engaged in food preparation, serving, and cleaning. Sociodemographic information, such as nationality, gender, age, marital status, educational level, working responsibilities, and typhoid vaccination, was recorded. The participants were carefully and thoroughly briefed on the procedure for the stool sample collection. A clean, wide-mouthed, labeled fecal container was distributed to each subject. Approximately 6 workers per food establishment participated, and a total of 317 stool samples were collected the following morning and transported to the laboratory for microbiological analysis within 8 h of collection. The sample size (n) was determined using a formula described in a previous study (11) .
MATERIALS AND METHODS
Data processing and analysis. The statistical analysis was carried out using Statistical Package for Social Sciences, version 16.0 (SPSS Inc., Chicago, IL). The variables were coded, analyzed, and presented using simple descriptive methods. The proportions of positive Salmonella samples and antimicrobial susceptibility profiles were calculated.
Ethical considerations. Ethical approval (MECID no. 20143-40) was obtained from the University of Malaya Medical Ethics Committee. Both informed and written consents were sought from all subjects. Confidentiality and anonymity were assured and maintained throughout the study.
Detection and isolation of Salmonella. The 3M Salmonella Express System media (3M Corporation, Maplewood, MN), which included preenrichment (3M Salmonella enrichment base plus 3M Salmonella enrichment supplement), enrichment (Rappaport-Vassiliadis broth), and subcultivation media (3M Salmonella Petrifilm), and xylose lysine desoxycholate (XLD; Oxoid, Basingstoke, Hampshire, UK) agar were used. A 25-g stool sample was mixed with 225 mL of 3M Salmonella enrichment base plus 3M Salmonella enrichment supplement and incubated at 41.58C for 15 h. An aliquot of 0.1 mL was inoculated in 9.9 mL of RappaportVassiliadis broth and incubated at 41.58C for 18 h. Then a loop of enriched broth was streaked onto 3M Salmonella Petrifilm (incubation at 41.58C for 24 h) and XLD agar (incubation at 378C for 24 h). The identified Salmonella colonies were subjected to biochemical tests (triple soy iron agar, sulfide indole motility agar, methyl red-Voges-Proskauer broth, and urease agar; all from Oxoid) (41) and the API 20E kit (BioMerieux, Marcy l'Etoile, France).
PCR confirmation and serotyping of Salmonella. Presumptive Salmonella isolates were subjected to PCR targeting the ompC genes (2). Crude DNA was prepared and amplified in a total volume of 25 lL containing 0.1 lM each primer, 200 lM each deoxynucleoside triphosphate (dNTP), 1.5 mM MgCl 2 , 1 U Taq DNA polymerase, 13 PCR buffer (all from Promega Inc., Madison, WI), and a 5-lL DNA template, at an initial denaturation step of 2 min at 958C, 30 cycles of 1 min at 958C, 1 min at 588C, 2 min at 728C, and a final elongation step of 5 min at 728C.
The Salmonella isolates were then PCR serotyped based on somatic O and H flagellar antigens (Table 1) , according to the Kauffman-White scheme. First, the same crude DNA was used for the mPCR detection of serogroups A, B, C1, C2, D, and E; viaB gene; and oriC regions (22) and amplified in a total volume of 25 lL containing 0.4 lM each primer, 250 lM each dNTP, 2.5 mM MgCl 2 , 1.75 U Taq DNA polymerase, 13 PCR buffer, 0.2 lM oriC primer, and a 5-lL DNA template, at an initial denaturation step of 5 min at 958C followed by 35 cycles of 40 s at 958C, 30 s at 508C, and 30 s at 688C, and a final elongation step of 7 min at 688C.
Second, the same crude DNA was used for the mPCR detection of the H flagella antigen using primers Ha, Hb, and Hd (21) , and amplified in a total volume of 25 lL containing 0.2 lM each primer, 200 lM each dNTP, 1.8 mM MgCl 2 , 1.75 U Taq DNA polymerase, 13 PCR buffer, 0.14 lM oriC primer, and a 5-lL DNA template at initial denaturation step of 2 min at 958C followed by 35 cycles of 30 s at 958C, 30 s at 558C, 30 s at 728C, and a final elongation step of 5 min at 728C.
Antimicrobial susceptibility test. Each isolate was tested for susceptibility to 13 antimicrobials, which included amoxicillinclavulanic acid, ampicillin, cefotaxime, ceftazidime, ceftriaxone, chloramphenicol, ciprofloxacin, gentamycin, nalidixic acid, streptomycin, tetracycline, and trimethoprim-sulfamethoxazole (Oxoid, England), according to CLSI M100-S25 (8). Escherichia coli ATCC 25922 was used as the control to confirm the potency of the antimicrobial discs.
PFGE. We performed PFGE to determine the genomic DNA fingerprinting profiles of the Salmonella isolates using XbaI restriction enzyme (Promega Inc.), according to the Centers for Disease Control and Prevention PulseNet Program (7). Salmonella Braenderup (H9812), the universal standard strain, was used for molecular weight and size determination.
RESULTS AND DISCUSSION
Nine (2.8%) migrant food handlers tested positive for the presence of Salmonella. The identities of all the presumptive Salmonella isolates were confirmed using PCR and contained the ompC gene by producing 204-bp amplicon. All nine Salmonella-positive food handlers were educated males, with a higher frequency in the age group 25 to 34 years (4 of 159; 2.5%), who originated from India, Nepal, Bangladesh, or Pakistan ( Table 2 ). The occurrences were more frequent in both cooks (3 of 129; 2.3%) and bartenders (3 of 48; 6.2%), and the majority had been vaccinated (7 of 221; 7.3%). Using PCR serotyping, we identified four serovars: Typhimurium (n ¼ 3), Corvallis (n ¼ 2), Hadar (n ¼ 1), and Agona (n ¼ 1). The remaining two isolates were regarded as Salmonella spp. Three migrant food handlers with identical PFGE patterns, belonging to Salmonella Typhimurium, worked in the same food establishment, which was indicative of possible horizontal transmission. Two positive samples were isolated from an Indian and a Nepalese that were resistant to the same antimicrobials (ampicillin, chloramphenicol, streptomycin, tetracycline, trimethoprim-sulfamethoxazole, and sulfonamides). The two Salmonella Corvallis strains were recovered from a Pakistani and Bangladeshi, who were employed in different food establishments, had similar resistance to streptomycin, sulfonamides, and tetracycline. Four isolates were resistant to ampicillin, chloramphenicol, streptomycin, and trimethoprim-sulfamethoxazole (Table 3) . Seven isolates were found to be multidrug resistant (resistant to three or more antimicrobial classes; Table 4 ).
Asymptomatic Salmonella carriers among food handlers contribute to serious food safety and public health issues, especially in combination with poor food handling practices (20) . The present study reveals that 2.8% of those tested carried Salmonella, similar to results reported in Ghana (2.3%) (14), Gondar (3.1%) (15), and Ethiopia (3.4%) (16) but less than reported in Jakarta (7%) (38), Beijing (9.5%) (24), Addis Ababa (13.6%) (1), and Abuja (18%) (35) . Despite the low prevalence of Salmonella carriers, migrant food handlers can serve as a transmission vehicle to the larger community because they are involved in the preparation of food and therefore pose a risk of spreading foodborne illnesses, particularly because asymptomatic carriers are unaware of their condition (20) . The consumption of food contaminated with the feces of a person who has no subclinical disease is dangerous, especially to vulnerable groups such as young children, elderly people, and immunocompromised individuals (24) .
The low prevalence of Salmonella may be because of the sample size, sample origin, type of fecal sample, or isolation methods used in different countries. Salmonella carriers naturally shed low bacterial counts in their feces compared with diarrheal fecal specimens, and the counts are typically much lower than other enteric bacteria (41) . Therefore, the recovery of this pathogen from stool samples may be compromised by the overgrowth of nontarget bacteria on the selective agar; that is, dominant colonies could suppress the growth of Salmonella. In the present study, this possibility was reduced with the application of an enrichment step to optimize the recovery of Salmonella (24). Luo et al. (24) proved that bacterial counts improved with enrichment almost 10-fold compared with three positive stool samples without the selective enrichment step. This shows that Salmonella colonies flourished in the enrichment broth and grew well in single colonies on the selective agar, allowing stressed or injured Salmonella cells to recover and adding a nearly 3% positive isolation rate with the inclusion of a preenrichment step in the present study. Nevertheless, this result may not be a true reflection of the number of Salmonella carriers because not all feces contained the pathogen at the time of sampling. Therefore, more frequent sampling is recommended to enhance the detection of carriers (41) . Furthermore, we used two selective agar preparations (3M Salx Petrifilm and XLD) to maximize the Salmonella isolation and to ensure that the growth of colonies was from identical samples.
In this study, we found identical PFGE patterns belonging to Typhimurium in samples from the handlers working in the same food establishment, suggesting possible horizontal transmission. Therefore, the NTS poses a major public health risk because these isolates are readily present in a wide range of reservoirs, such as the environment and both domestic and wild animals. We were not able to determine if the infections had been acquired prior to the migrants' entering the country or during employment because stool screening is not mandatory for employment in Malaysia. Moreover, the present typhoid vaccination, which is mandatory for all food handlers under the Malaysian Food Act 1983 (27, 29, 30) , is specific only against enteric fever-causing agents, namely Salmonella Typhi and Salmonella Paratyphi. For both of these, humans are the sole reservoir (13); however, this is not true of the NTS isolates recovered in this study-Salmonella Typhimurium, Corvallis, Agona, and Hadar-which are responsible for 93.8 million cases and 155,000 deaths per year worldwide (25) . The emergence of antimicrobial-resistant Salmonella strains in this targeted population is alarming and is widely known to be due to the use of antibiotics in animal feed, promoted to enhance growth and prevent or treat diseases (19) . Consequently, the treatment of salmonellosis using traditional first-line antimicrobial agents such as ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole is ineffective (9) . In addition, the use of these antibiotics on multidrug-resistant (resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, and tetracycline) NTS strains has also been discovered by the National Surveillance of Antibiotic Resistance (31). Undoubtedly, regular contact with raw food poses a high risk of transmission of multidrug-resistant Salmonella strains from animals to humans, such as food handlers (13) . All nine isolates we found in the present study showed phenotypic susceptibility to five antimicrobial agents, amoxicillin-clavulanic acid, cefotaxime, ceftazidime, ceftriaxone, and gentamycin; in addition, they showed intermediate resistance to nalidixic acid and ciprofloxacin. The reduction in susceptibility to ciprofloxacin and other fluoroquinolones and resistance to nalidixic acid are similar to isolates studied by Ochiai et al. (34) whose investigated population showed lowered susceptibility, as also reported in Pakistan (59%), India (57%), and Vietnam (44%). Furthermore, from 1996 to 2007 the National Antimicrobial Resistance Monitoring System (10) demonstrated the emergence of resistance in NTS isolates to nalidixic acid and ceftriaxone. Therefore, the increasing resistance to antibiotics among Salmonella is of major concern and highlights the importance of detecting carriers, especially among those involved in food handling. The present study reveals there were four Salmonella serotypes found in the migrant food handlers, with an indication of possible transmission to other food handlers, in addition to posing a public health risk through food contamination. This result can possibly be attributed to the workers' poor knowledge of food safety and average knowledge of food handling practices linked to three important factors: poor participation in food training programs, low educational level, and language barriers (40) . The detection of NTS carriers among migrant food handlers, despite the low prevalence, calls for the relevant health authorities to improve their protocols, including stool screening as part of mandatory preemployment tests and routine health checks. These are currently lacking, as are periodic assessments of all food handlers regarding food safety knowledge and food handling practices.
